Local hemodynamic parameters were studied by means of laser Doppler flowmetry in 15 patients with psoriasis in the stationary stage, who have plaques on the inner surface of the forearm.
INTRODUCTION
Psoriasis is a systemic inflammatory disease that provokes an increase in the release of anti-inflammatory cytokines from immune cells and the chronic activation of the congenital and adaptive immune system. This leads to systemic damage to internal organs and development of pronounced cosmetic defects. According to statistics, psoriasis is one of the most common chronic recurrent dermatoses, occurs in 2-3% of the world's population 1 and is associated with numerous concomitant diseases, including rheumatological and cardiovascular complications. Ordinary psoriasis is the most common form of psoriasis. It is observed in 80-90% of all patients with psoriasis. This type of psoriasis is most often manifested in the form of inflamed areas, covered with gray or silvery-white, easily peeling, scaly, dry and thickened skin.
In the pathogenesis of psoriasis, an important distinctive feature is microcirculatory disorders that occur before the clinical manifestations of the disease. With psoriasis in a stationary stage of the disease, the capillaries are elongated, thickened and expanded 2, 3 .Despite a significant amount of evidence demonstrating abnormal blood microcirculation in psoriasis it is still not entirely clear when these microcirculatory changes appear in the skin of psoriasis patients and what are the causes of these disorders.
In this work, it is proposed to use the laser Doppler flowmetry (LDF) method to study microcirculation intensity, as well as wavelet analysis to estimate microcirculation oscillations. This technology is successfully used to study the blood microcirculation in people with rheumatic diseases [4] [5] [6] , diabetes mellitus 7, 8 , etc.
The aim of this work is to experimentally study and analyse the possibilities of the laser Doppler flowmetry method and the spectral analysis of the obtained data for the diagnosis of microcirculatory disorders in the tissues of psoriatic plaques and the clinically uninjured skin of the upper limbs of patients with psoriasis.
MATERIAL AND METHODS
In experimental studies 15 patients (11 men and 4 women, 47±15 years, Orel Regional Dermatovenereological Dispensary, Orel, Russia) participated. All patients had a diagnosis of plaque psoriasis of the stationary stage. The study included patients who had plaques on the inner surface of the forearm ( Figure 1 ). The study did not include volunteers with cardiovascular, bronchopulmonary or neuroendocrine system disease comorbidities, nor with diseases of the gastrointestinal tract, liver, kidneys, blood and any other serious chronic diseases, which could have an impact on the diagnostic results. Volunteers with a history of alcoholism, drug addiction and drug abuse were also excluded.
The study protocol was approved at a meeting of the ethics committee at Orel State University named after I.S. Turgenev from 16/11/2017 (minutes of the meeting №10). After receiving the description of the protocol, all participating volunteers signed an informed consent form.
The measurements were made on the skin of the inner side of the forearm: in the center of the psoriatic plaque and 1-2 cm from it (intact tissue). The studies were conducted in conditions of physical and mental rest of the patient 2 hours after eating, with adaptation to the room temperature of 20-23°C in the sitting position. The studies were performed using the LDF channel of the multifunctional laser non-invasive diagnostic system LAKK-M (SPE "LAZMA" Ltd., Russia) with a wavelength of the probing radiation of 1064 nm 9, 10 . The Morlet wavelet transform was used for the frequency analysis of registered signals 11 .
During the experimental studies, the microcirculation index was recorded for 10 min at the center of the psoriatic lesion of the tissue, and 10 min on the intact skin at a distance of 1-2 cm from the affected area. The total duration of one experimental study was 20 minutes. The time-averaged amplitude of the blood flow oscillations was estimated from the maximum values in the corresponding frequency range -endothelial, neural, myogenic, respiratory and cardiac 9 .
A Mann-Whitney U-test test was used to identify differences between the two groups. Statistically significant was the probability p < 0.01.
EXPERIMENTAL RESULTS AND DISCUSSION
When analyzing the experimental data, it was found that the hemodynamic parameters of the microcirculatory bed in the center of psoriatic plaques differ from the same parameters measured in the skin, uninvolved in the pathological process.
The Figure 2a shows the averaged recorded LDF signals in the center of the psoriatic plaque (red line) and at a distance of 1-2 cm from the lesion (blue line). The standard deviation values are shown in transparent color. An example of wavelet analysis of LDF signals is shown in Figure 2b .
As can be seen from Figures 2a and 3 , in the zone of the psoriatic plaque, an increase in the average perfusion and a significant dominance of all types of oscillations are observed in comparison with the area of intact skin. These results are correlated with the data obtained earlier in studies of blood flow in psoriatic lesions 12, 13 . Vascular anomalies in psoriatic plaques extend to the deep vessels (terminal arteries and arterioles of the reticular dermis). Hyperplastic epidermis regulates these vascular changes in order to support increased nutritional requirements during disease activity
13 . An increase in the level of metabolism in the focus of inflammation causes an active influx of blood into the capillary bed.
It should be noted that the increase in the level of the LDF signal can occur due to an increase in the probing depth, which is based on optical effects 14 . Psoriasis is accompanied by acanthosis. There is in acantotic tissue a decrease in scattering and an increase in the probing depth of the laser beam, and, therefore, an increase in the diagnostic volume.
Thus, the observed increases in the parameters of the microcirculation of the psoriatic plaque may be due to a combination of morphological (dilatation of vessels -increase in their number, width and length), dynamic (increased blood flow), and optical effects (partial enlightenment of the near-surface layers of the skin due to acanthosis).
CONCLUSION
Microcirculatory disorders are a characteristic feature of psoriasis and play a decisive role in its pathogenesis. Capillary loops in psoriatic plaques are elongated, dilated and tortuous.
The conducted studies showed that the LDF method can not only control the degree of change in the intensity of the microcirculation of blood, but also analyse the state of the functional mechanisms of controlling the microcirculation directly in the plaque and intact skin.
The obtained data confirm the earlier studies that the blood flow measured in the plaque is much higher than that recorded in the intact region. In this case, the dominance of all types of oscillations in psoriatic lesions is revealed in comparison with the zone not involved in the pathological process. Monitoring the intensity of blood flow in psoriatic plaques can provide an opportunity to determine the degree of "activity" of psoriasis, monitor the effectiveness of the therapy and perform individual selection of medicines. Evaluation of the contribution of each link of the microvascular bed, taking part in the modulation of blood flow, can contribute to further study of the pathophysiology of the disease. 
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